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Abstract
  As based on available data sets from the World Bank’s Yearbook 
(2008), a statistical analysis was made to highlight some characteristics of 
Romanian agriculture during 1961-2003. It is presented a series of models 
(Grabowski and Sivan (1986)) and econometric methods used to analyse 
supply and demand of the labour force in agriculture. This included an 
estimated regression model for analyzing the evolution of added value in 
agriculture during 1980-2003 according to a number of inﬂ  uencing factors. 
To characterize the concentration of agricultural production by development 
regions the Herﬁ  ndahl Index was utilised.
 Keywords:  agriculture, statistical analysis, econometric models, 
econometric methods, Herﬁ  ndahl Index.
***
  One of the determinant factors of social welfare in the case of 
developing countries is, undoubtedly, the quality of the labour force market 
in the agricultural sector, and it is signiﬁ  cant that, in most of these countries, 
a high proportion of the active population is working in this sector. A study 
of the evolution of the supply and the demand for the labour force in 
agriculture shows a particular interest for these countries. For this reason, 
identiﬁ  cation of the social factors and, in particular, economic ones, that 
inﬂ  uence major changes in the food market, is essential.
  This issue has been studied by Grabowski and Sivan (1986), in the 
case of Japan, during 1885-1920, and for Egypt, between 1950 and1974. 
In this study, the evolution of supply and demand for the labour force in 
agriculture is estimated according to the following explanatory variables: 
wage in agriculture (WA); labour force employed in agriculture (LA); invested 
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capital in agriculture (KA); time, in years (T); food goods price index (PF); 
gross domestic product of a country (Y) ; the country’ s total population (Pop); 
average wage in industry (Wm); the industrial product price index (Pm),  and 
the price index of agricultural products (PA).
Models used
  Labour force demand in agriculture ( LD), we consider that it 
is a function of effective labour in agriculture (LA), the capital invested in 
agriculture (KA) and the time factor, expressed in years (T). Dependency 
relationship between variables results from the formula:
 L D=fD(LA , KA ,T)+u1
  As the f function is linear, then the equation of the labour force demand 
in agriculture is expressed by the relationship below:
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  In case of the labour force supply in agriculture (LS), it is emphasized 
a linear function dependent upon the following variables: real wage in 
agriculture (WA /PA), and in industry (Wm /Pm), gross domestic product over 
the period considered (Y), population (Pop) and wage in industry (Wm). The 
labour force supply is deﬁ  ned by the formula:  
LS=fS(WA/PA, WA /PA, Wm /Pm, Y, Pop, Wm )
 Since  the  fS(•) is linear, then this can be rewritten in the following 
equivalent form: 
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  As authors, we have hypothesized that an increase in the relative prices 
of food goods, causes a decrease in the labour force supply in agriculture and 
also an increase in labour force costs in this sector. Through the computed 
estimations, a validation of some hypotheses in this macroeconomic theory 
can be tested. Therefore, if it is taken into account the regression model (2), 
it can be veriﬁ  ed utilising the following working hypotheses regarding the 
labour force supply in this sector: 
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  In case of labour force demand were used appropriate data sets, 
considering the following assumptions:
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  In order to estimate the parameters of the above-mentioned models 
for the labour force demand and supply in agriculture, the following three 
methods can be utilised:
  • ordinary least squares method;
  • recursive  method of least squares and recursive residues method;
  • generalized least squares method.
  It is related a number of issues related to using these methods. These 
methods can be applied by using Gauss and Eviews software packages. 
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  We present below a number of models used to identify speciﬁ  c 
features of Romanian agriculture: some aspects of the data series used, 
descriptive statistics used to depict speciﬁ  c features of Romanian agriculture; 
long-term trend analysis of data sets used by the application of econometric 
methods ; identifying inside the period considered of subperiods with different 
characteristics.
Data sets available for Romania 
(as published in the World Bank’s Yearbook of 2008):
Simbol Variable name Time period
NT Number of tractors in agriculture (number)  1960-2003
NTH
Number of tractors per 100 hectars of arable land 
(number)
1960-2003
VAA _2000
Value added per worker in agriculture in 2000 prices 
(USD)
1980-2003
CCH
chemical fertilizers consumption per hectar (100 grams/ 
arable hectar)
1961-2005
CC Chemical fertilizers total consumption (tons) 1961-2005
AGP
Share of employed  population in agriculture in the total 
employment  (%)
1980-2005
PAG Employed population in agriculture (persons) 1980-2005
PCH Average production of grains per hectare (Kg/ha) 1961-2005
STC Total agricultural area cultivated with cereals (ha) 1961-2005
  These data sets allow us to higlight some of the characteristic of 
Romanian agriculture during 1961-2003. There were utilised a range of 
econometric methods, which allowed integration and co-integration analyses 
on these data series, as well as for estimating parameters of some regression 
models. The econometric techniques used are attempting to answer a series of 
issues related to: the evolution on a long period of time of labour productivity 
in agriculture (computed as a valued added per worker during an entire year) ; 
the contribution of some factors such as: technical endowment of labour in 
agriculture, expressed as the average number of tractors per 100 ha and the use 
of chemical fertilizers, labour productivity dynamics in the analysed period and 
in some sub-periods; the developments in employments share in agriculture 
in the total labour force of Romania; identiﬁ  cation of some important sub-
periods in agriculture’s evolution.
  After analyzing the data series corresponding to the above variables, 
the following remarks can be made: 
 Remark  1.  In the period 1961-1987 we were witnessing a growing 
number of tractors in agriculture and, consequently, an increase of the number 
of tractors per hectar of arable land. In contrast, for the period 1988-1991, 
Economic StatisticsRomanian Statistical Review nr. 4 / 2010
there is a massive reduction in the number of tractors in agriculture. Thus, 
only in the year 1988, as compared to the previous year, it shows a decrease of 
10.2%. It is is important to point out that a signiﬁ  cant decrease in the number 
of tractors was registered in 1990 (12.4% comparative) with year 1989. The 
largest number of tractors were bought in 1992. The growth from this year 
compared with the previous year was of 10.6%. 
 Remark  2. The total fertilizers consumption and the consumption   
per hectar increased between 1962 and 1984. In the next six years, a decrease 
was registered in these indicators, but not a sharp one. However, they rapidly 
decreased in 1991. In the transition period, the fertilizers consumption 
decreased with an yearly average of 8%. The average fertilizers consumption 
per hectar in 2003 was equal to the consumption registered in the 1960s.
 Remark  3. Until 1991, cereals production per hectare had registred 
an increasing trend. In the next period that followed, the grains production 
had an oscillatory evolution. In 2000, the lowest cereals output per hectar was 
registered for the last thirty years. 
 Remark  4. Population and employed population share in agriculture 
remained relatively constant between 1980 and 1989. After 1990, the two 
indicators registred very large values. 
 Remark  5.  The values of the indexes for some sub-periods, as well 
as the increase/decrease rate and yearly average rate for some important 
indicators in the ﬁ  eld of agriculture, are presented:
Variable 1961-2005 1961-1989 1990-2005
NTa Rt/0 225.6 192.0 11.5
Rma 2.7 3.9 0.6
NTHa Rt/0 239.6 201.9 12.5
Rma 2.8 4.0 0.7
VAA_2000b Rt/0 22.0 3.3 18.1
Rma 0.8 0.4 1.0
CCHa Rt/0 15.2 334.9 -73.5
Rma 0.3 5.4 -8.0
CCa Rt/0 9.7 327.3 -73.7
Rma 0.2 5.2 -8.1
PAGb Rt/0 15.4 -4.2 20.5
Rma 0.3 0.5 1.17
PCH Rt/0 105.4 101.9 -5.8
Rma 1.61 2.54 -0.34
STC Rt/0 -27.7 -14.8 -15.8
Rma -0.7 -1.5 -1.0
  a. Calculus made for the 1961-2003 period; 
  b. Calculus made for the 1980-2005 period.
  Source: World Bank, 2008
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  Further, there is estimated the regression model used to analyze the 
value added in agriculture during 1980-2003 depending on the number of 
tractors per 100 hectares of arable land, the share of agricultural employment 
in total employment and consumption of fertilizers per hectare. In the dynamic 
of some indicators of the Romanian agriculture, there is introduced in the 
model a qualitative variable:
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  The regression model becomes:  
g
t t t t t t VD CCH AGP NTH VAA H D D D D D        1 ) log( ) log( ) log( ) 2000 _ log( 4 3 2 1 0    (6) 
M1
C
9.100*
 (0.180)
log(CCHt)
-0.067* 
(0.026)
VD1t
0.176*
 (0.062) 
R2 0.405
DW 1.63
AIC -1.993
 Signiﬁ  cance level:  * 00 . 0   D  **  5 d D
  Source: World Bank, 2008
  Based on the results obtained, the negative role that the fertilizers 
consumption per hectar had in the post-revolutionary period on labour 
productivity in agriculture is clearly highlighted. The estimations of the other 
two variables were not signiﬁ  cant. The positive value corresponding to the 
qualitative variable means a productivity of agriculture reduction in the second 
sub-period, which began with 1990.
  For regional trends, there is shown the structure of agricultural 
production by development region for 2001 and 2006. In order to depict 
the output’s concentrations on these regions, a number of indicators can be 
calculated, such as: Herﬁ  ndahl, Krugman or Gini. We present the calculations 
made for the ﬁ  rst indicator, in the case of the yearly agricultural output on 
regions which is represented by a structural vector  ] . ,..., , [ y 8 2 1 t t t t y y y =
 The  Herﬁ  ndahl index is deﬁ  ned as the weighted arithmetic mean of 
the structural vector’s elements, having as weights the entries themselves, 
based on the relationship:
Economic StatisticsRomanian Statistical Review nr. 4 / 2010
∑
=
= ′ ⋅ =
8
1
2
t t ) ( y y
i
it t y H
  Having a maximum value equal with 1, it is positive. Usually, in 
economic calculations, the indicator’s values range from 0,1 to 0,7. 
  Taking into account the two years’s data, the following two numerical 
are obtained:  
  • 0.14326 (for 2001);
  • 0.14349 (for 2006).
The structure of the agricultural branch production 
by development region for the years 2001 and 2006
Development Region
2001
(lei thou 
current 
prices)
Weight in 
total  (%)
2006
(lei thou 
current 
prices)
Weight in total  
(%)
Weight change in 
2006 compared  
with 2001
North-East 4788239 17.2 9169393 18.1 0.9
South-East 3607391 13.0 7344727 14.5 1.5
South Muntenia 5049594 18.1 8485410 16.8 -1.3
South-West 3690793 13.3 5418925 10.7 -2.6
West 3168261 11.4 5292202 10.4 -1.0
North-West 3938583 14.1 7555850 14.9 0.8
Centre 3208740 11.5 6550880 12.9 1.4
Bucharest-Ilfov 391235 1.4 832215 1.6 0.2
  Source: Territorial Statistics, NIS, Bucharest, 2009
  The data presented highlight the fact that the North-East region has 
the most important weight in agricultural output, followed by the South 
Muntenia region. Except for the Bucharest-Ilfov region, the other ﬁ  ve regions 
have relatively equal weights in agricultural output. Values obtained in case 
of Herﬁ  ndahl index reveal a weak concentration of agricultural output per 
Region. Throughout the ﬁ  ve analyzed years, the index’s value varied from 
0.14326 to 0.14349. 
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Conclusions
  By using certain quantitative methods, signiﬁ  cant characteristics of 
the dynamics of some important indicators used in depicting agriculture’s 
situation are highlighted. To this end, we emphasize the following major 
aspects related to the evolution of some speciﬁ  c indicators: 
  - during 1961-1987, the dynamics of tractor numbers shows a 
signiﬁ  cant increase, while in 1988-1991 there is a massive reduction; 
 -  the fertilizer consumption, both as a whole and per hectar, had 
an ascending trend in 1962-1984, followed by a slight decrease in 1985-1990. 
Starting from 1991, there is a signiﬁ  cant decrease; 
  - until 1991, cereals output per hectar had an ascending evolution; 
after that, it had an oscillatory evolution; 
 -  labour productivity in agriculture has declined substantially after 
1990.
  Also worth mentioning, is the existence of a different agricultural proﬁ  le 
for each development of the eight regions from our country.  The Herﬁ  ndahl 
index value that was obtained in this study shows a weak concentration of the 
agricultural output in the development regions.
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